In this study, the modal shift potential of introducing a free alternative (free public transportation) and of changing the relative prices of transportation is examined. The influence of a cognitive analysis on the zero-price effect is also analyzed. The data used for the analysis stem from a stated preference survey with a sample of approximately 670 respondents that was conducted in Flanders, Belgium. The data are analyzed using a mixed logit model. The modeling results yield findings that confirm the existence of a zero-price effect in transport, which is in line with the literature. This zero-price effect is increased by the forced cognitive analysis for shopping trips, although not for work/school or recreational trips. The results also demonstrate the importance of the current mode choice in hypothetical mode choices and the importance of car availability. The influence of changing relative prices on the modal shift is found to be insignificant. This might be partially because the price differences were too small to matter. Hence, an increase in public transport use can be facilitated by the introduction of free public transport, particularly when individuals evaluate the different alternatives in a more cognitive manner. These findings should be useful to policy makers evaluating free public transport and considering how best to target and promote relevant policy.
Introduction
tickets and fares (Borndörfer et al., 2012) . When one of these factors can smaller direct safety benefits, they can have substantially larger impacts if they help create more transit-oriented communities, where residents tend to 150 own fewer cars and drive less than they would otherwise (Litman, 2012) . 151 Weis et al. (2010) computed price elasticities, therein suggesting that re-152 spondents are more sensitive to increases in public transport ticket prices 153 than to rising fuel prices. Thus, it may be expected that an increase in the 154 prices of public transport will result in a decrease in the demand for public 155 transport (Witbreuk and De Jong, 2001) . Therefore, fares are an important 156 variable in terms of both the increase in usage as well as the improvement of 157 the cost-benefit ratio. Several studies have been conducted on how certain 158 determinants, such as price, affect modal choice. Thøgersen (2006) illustrated 159 that motivation, past behavior and habits, opportunities or constraints re-160 garding the use of public transport and car ownership determine the mode 161 choice. A modification in fares can influence some of these determinants.
162
A decrease in fares to zero may positively influence motivation because the 163 zero-price effect will elicit positive feelings toward public transport (Sham-164 panier et al., 2007) . This will influence attitude, which powers the behavioral 165 intention to use public transport (Ajzen, 1991) . 166 In addition to the motivation, free public transport could increase the 167 opportunities regarding the use of public transport. The study of Thøgersen 168 (2006) indicated the importance of habits as a determinant of mode choice. 169 Habits are a form of automaticity in responding that develops as people California at Los Angeles was examined after making bus transport free of 192 charge. Transit ridership increased by more than 50%, and more than 1000 193 fewer automobile trips were taken to the campus each day. De Witte et al.
194
(2006) investigated the effects of free public transport for students in Brussels 195 and found that public transport ridership increased when it was made free 196 of charge, although they could not draw significant conclusions due to the 197 lack of a control group. De Witte et al. (2006) also conducted a cost-benefit 198 analysis, in which they illustrated that the introduction of free public trans-199 port can increase the social surplus as long as no more than 86% of the space 200 made available on the road is filled up by new car users. Verheyen (2010) 201 investigated the effect of free public transport on the modal split and made a 202 distinction according to trip motives, i.e., trip purposes such as commuting, 203 shopping and recreation. The results indicated that fares were significantly 204 influential only in the case of shopping trips. 
Data and Methodology

206
A stated preference survey was conducted to examine whether a price 207 effect and/or a zero-price effect occurs among respondents in Flanders (the 208 northern part of Belgium). The total population in 2010 amounted to 6.2 209 million inhabitants. An average Flemish respondent makes 2.8 trips a day.
210
A total of 68% of these trips are made by car, followed by 12.28% by foot, 211 11.91% by bike, 2.71% by bus and 1.78% by train (Declercq et al., 2012) .
212
Stated preference methods are widely accepted in travel behavior research 213 and in particular for the identification of behavioral responses to choice situ-214 ations that are not revealed in the market (Hensher, 1994) . There has been 215 some disagreement as to whether individuals' stated preferences closely cor-216 respond to their actual preferences (Kroes, 1986) . Despite this disagreement, socio-economic variables (e.g., gender, age, household situation, and income).
235
In addition to the socio-economic variables, information about the respon-236 dent's transport situation was obtained (e.g., car availability and current 237 used modes). In part three, the respondents have to indicate their modal 238 preferences among a set of three alternatives with certain prices or tariffs.
239
Each respondent was confronted with nine modal choices (3 price scenarios 240 x 3 trip motives), as displayed in Table 1 . In price scenario A, the respondents were confronted with the actual 242 transport prices. Actual prices for the car were determined using a study on, e.g., fuel, net purchase vehicle, maintenance, insurance, and fuel tax).
241
For a bike, a fixed cost was calculated based on the net purchase cost and 246 the maintenance cost. The actual cost for the bus was estimated based on 247 the subscription fee charged by the Flemish transport company. Because the 248 subscription fee, as is the case for the costs for a bike, are fixed costs, the 249 assumption was made that this mode was used on a (work) daily base. In 250 price scenario B, the tariff for the public transport was halved. The tariffs 251 for the other modes were decreased by the same amount (i.e., 0.25 Euros).
252
In price scenario C, the prices and tariffs were again decreased by the same 253 amount, thereby making the public transport option free. This enables a 254 measurement of the reaction to a price reduction toward a positive price as 255 well as the reaction to the same price reduction toward a zero price. Each 256 of these three price scenarios was investigated for three trip motives, i.e.,
257
work/school, shopping and recreation. For the work/school trip, a distance-258 related cost is calculated for the car option based on the distance to work 259 or school that the participants indicated. For the shopping trips, the cost 260 for the car was based on a distance of approximately 5 kilometers to a shop.
261
For the recreational trip, the cost for the car was based on a trip length of 262 approximately 15 kilometers to the nearest cinema.
263 Table 2 gives an overview of the data types and the corresponding coding (Table 1) . For instance, for leisure trips under scenario 269 A, the relative cost for car, public transport and bike are respectively 1 270 (= 7.00/7.00), 0.0714 (= 0.50/7.00), and 0.0857 (= 0.60/7.00).
271
Approximately half of the respondents (i.e., 348 of the 670 respondents) 272 were subjected to a cognitive analysis. This cognitive analysis was assigned 273 on a random basis (based on the month of birth) and was invoked imme-274 diately after the questions concerning the respondent's transport situation.
275
Through this cognitive analysis, the participants were forced to engage in a 276 cognitive and deliberate evaluation of the alternatives before making a deci-277 sion, thereby making non-affective, more cognitive evaluations available and 278 accessible. In particular, the participants were first asked to which degree 279 they prefer to spend less for a random purchase. Consequently, the respon-280 dents were forced to make an internal comparison of the different modes. We 281 assume that participants are more likely to base their evaluations on cog-282 increased the average duration of the survey: respondents who undertook the 286 cognitive analysis spent on average 10.9 minutes on the survey, in compari-287 son to 10.2 min for those respondents who were not assigned to the cognitive 288 analysis.
289
The descriptive statistics of the variables that are used in the models 290 are displayed in Table 3 . First, the dependent variables are displayed. The 291 market shares for the different motives and the different price scenarios are 292 displayed below, thereby demonstrating an explicit difference between the 293 shares of the respondents who were subjected to the cognitive analysis and 294 those who were not. The following socio-demographic variables were con-295 sidered: gender, age, living situation, income, education and urbanization.
296
In addition, the following transport-related variables were considered: dis-297 tance from home to work or school, car availability, the current use of modes 298 for work or school trips, for shopping trips and for recreational trips and 299 experience with free public transport. In terms of sample representativeness, the basic descriptive statistics pre-301 sented in Table 3 correspond well to those reported in official travel behavior 302 statistics (see, e.g., Declercq et al. (2012) ). Nonetheless, the high share of 303 respondents that experienced free public transport is noticeable but can be 304 accounted for by the fact that the survey was conducted in a province (Lim-305 burg) where the largest city had adopted free public transport at the time of 306 the survey.
300
307
The focus in this study lies on the assessment of whether the zero-price The corresponding choice probability can be written as
where x i represents characteristics of the individuals that are constant across 327 choices and z ij represents characteristics that vary across choices (whether 328 they vary by individual).
329
For each trip motive, three models were estimated to assess whether the 330 price level and in particular the zero-price play a significant role in the modal 331 decisions of the respondents: a model for all the respondents together (overall 332 model) and a separate model for respondents who were subjected to the 333 cognitive analysis and for those who were not subjected to the analysis.
334
In addition to examining the effects of the zero-price and the prices, other 335 personal and transport-related variables are included in the model to further 336 explain the modal choices. Backward selection was used to find the most (overall model). work/school motive than for the shopping motive and the recreational mo-512 tive. A strong habit to use a particular travel mode is, in comparison with a 513 weak habit, characterized by seeking less information and by a less elaborate 514 choice of travel mode (Aarts et al., 1997; Verplanken et al., 1997) . According 515 to this view of habit, a strong habit is perceived to block the more deliberate, 516 cognitive processing prior to behavior (Eriksson et al., 2008) . This could be 517 an explanation for the larger zero-price effect with participants subjected to 518 a cognitive analysis for the shopping motive. This is because this cognitive 519 evaluation makes a more deliberate, cognitive processing available for the 520 participants, which in turn causes the decision making to be more based on 521 cognitive reasoning instead of habitual behavior. This theory was also con-522 firmed by Eriksson et al. (2008) . This cognitive evaluation, wherein the car 523 user evaluates the different features of his/her trip, will not automatically 524 lead to a change in behavior. This evaluation can lead to a continuation of 525 current behavior;h however the choice will be more influenced by personal 526 norms and less by habitual behavior.
527
Another important transport-related parameter is car availability. In this 528 model, the availability of a car significantly decreases the probability of using 529 a bike or public transport in almost all models. This is because the availabil-530 ity of a private car in the household facilitates the choice of car transport and 531 thereby reduces the likelihood of choosing other modes (Thøgersen, 2006) .
532
This is because car owners have more alternatives than does someone with-533 out a car and because habitual processes are more important than attitudes 534 for car owners (Thøgersen, 2006) . The variable including experience with 535 free public transport has a positive influence on public transport use, which 536 is in accordance with the literature. In a study of Fujii and Kitamura (2003) , 537 an experiment in which a one-month-free bus ticket was given to an experi-538 mental group was performed. The results showed that attitudes toward bus 539 transport were more positive and that the frequency of bus use increased, 540 whereas the habits of using automobiles decreased after the intervention, even 541 one month after the intervention period. The implications of the variables 542 including the distance between home and work or school and the urban en- 
